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SPHENIX reference design

BaBar Magnet 1.5T

Coverage |n| <1.1

All silicon tracking
Heavy flavor tagging

Electromagnetic
Calorimeter

Hadronic Calorimeter

J.Nagle LPR talk

e Central Tracker for
— Precision measurement of jet structure
— b-tagged jet
— 3 Upsilon states (100MeV resolution required)
 We are seeking for Japanese funding for the sPHENIX tracker



Effort for KAKENHI funding for the tracker

* | submitted a large KAKENHI grant proposal to JSPS.

— JSPS is the main funding agency in Japan. Its function is
similar to NSF in the US

* The grant asked for total of 4.9 oku yen (~¥S5M) over 5
years from JFY2016 to JFY2020.

— JFY2020 ends March 2021. So this matches sPHENIX
schedule

— In the JSPS grant system, we receive the full amount of the
allocated fund. Overhead will be provided separately.

— The grant ask for 4.52 oku-yen for Si Tracker (4.22 oku-yen
material cost). The Si-tracker in the JSPS proposal is exactly
the same one as in the pCDR.

e Last year, | submitted a similar one. | went to an
interview (20 of 74 application went to interview), but
failed at the interview (10 of 20 accepted).



Proposed Si Tracker (JSPS and pCDR)

sensor

Station Layer radius pitch length depth total thickness area
(cm) (ym) (em)  (um) Xo% (m?)
Pixel 1 24 50 0425 200 1.3 0.034
Pixel 2 4.4 50 0425 200 13 0.059
S0a 3 7.5 58 9.6 240 10 0.18
S0b 4 8.5 58 9.6 240 1.0 0.18

Sla 5 31.0 58 9.6 240 0.6 14

Sib 6 340 58 9.6 240 0.6 1.4

52 7 64.0 60 9.6 320 1.0 6.5

Table 4.2: Number of channel summary for the silicon strip tracker.

station sub-layer silicon modules # ofladders # of sensors

per ladder
S0 2 3 36 216
Figure 4.1: CAD drawing of the silicon strip tracker 5! 2 7 44 617
52 1 14 48 672

* The silicon tracker in the pCDR is the same one that |
requested for the JSPS grant

e Size of tracker (R~¥64cm at S2) is minimum to achieve
required Upsilon mass resolution (100 MeV) to fit in
the 5-oku yen upper limit of the JSPS grant
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‘Project description” from the English
part of the proposal

Specially Promoted Research 1 — 2

PROJECT DESCRIPTION (Continued)

The first of these goals will be achieved by sPHENIXI[L], a new detector at RHIC. A drawing of the
sPHENIX detector is shown in Fig. 1. The sPHENIX detector is a large acceptance, high rate detector|
consisting of a superconducting solenoid with inner radius of 140 cm, a charged particle tracker,
electromagnetic calorimetry, and hadronic calorimetry providing uniform coverage for |[n]|<1.0. The
detector can record 50 billion minimum bias Au+Au collision events in 20 weeks. The detector can
measure more than 107 unbiased jets, 105 bottom jets and 10¢ direct photons for pr > 20 GeVie. The high)
statistics jet samples will be used to probe QGP at very short distances, and the quark mass dependence of|
jet energy loss will be studied with the b-jet samples. The detector also can make high statisties|
measurements of the three Upsilon states. These measurements are complementary to jets and quarkonia
measurements at the LHC.

The sPHENIX proposal underwent a DOE Science Review in July 2014 and the follow-up review in April|
2015. The review panel found, “The science questions that measurements with sSPHENIX will answer are|
of great significance not only to QCD and heavy-ion physies. but to the larger nuclear and particle physies|
community”. The physies case has strong support in the US nuclear physics community The NSAC long]
range plan wrote that “a state-of-the art jet detector at RHIC, called sSPHENIX" is essential to complete|
the QGP study at RHIC
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Figure 1 sPHENIX detector (from Figure 2 Phase diagram of QCD matter
sPHENIX proposal[1]) (from NSAC LRPR 2015[2])

The second goal will be achieved by RHIC Beam Energy Scan-II (BES-ID). Figure 2 show the phase
diagram of QCD matter. It is theoretically expected that there is a critical point where the nature of the|
transition between the QGP and hadronic gas changes from a rapid eross-over at low baryon density to the|
1=t prder phase transition at high karyon density. In BES-II, high statistics data of Au+Au collisions at
beam energy 7 < sqrt(sNN)<20 GeV will be measured to search for this critical point. The critical point is
the most important landmark of the QCD phase diagram.
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(3)Research Objectives and Targeted Goals of this Project

The first objective of this project is precise measurement of jets with sSPHENIX. For this purpose, Akiba
will construct the silicon tracker of SPHENIX. The trakcer is essential for the physics capability of]
sPHENIX, but it is not currently funded from the US side due to limited budget. The silicon tracker will|
provide the following physies: (A) precise measurements of the modification of jet structure and energy
flow around the Jets to elucidate how quarks and gluons interact with the @GP medium: (B) measurement
of b-tagged jets to study the quark mass dependence of energy loss: (C) measurement of the suppression of|
the three Upsilon states, which is essential to understand the confinement mechanism of QCD. The high|
mass resolution of the silicon tracker is essential for this measurement.

The second objective of the project is to search for the QCD critical point in BES-II. Esumi will join STAR|
collaboration during BES-II and analyzes the data from STAR detector.

In the running plan for RHIC, the BES-II run is scheduled in 2019 and 2020, and the completed sPHENIX|
detector will start taking data in US FY2021. The five year period of this project (April 2016 to March
2021) matches very well with this schedule.

References
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Requested funding profile to JSPS

Unit: 100K yen ~ $1K

JFY2016 JFY2017 JFY2018 JFY2019 JFY2020 Total
Prototype 300 0 0 0 0 300
FPHX 200 0 0 0 0 200
Sensor production 0 660 660 401 0 1721
Ladder assembly 0 335 366 245 128 1074
ROC/FEM 0 0 0 300 450 750
Misc 20 40 40 40 40 180
Total 520 1035 1066 986 618 4225

The budget profile of the M&S of Si-Tracker in the grant proposal
The Grant cover prototype and M&S of the tracker hardware

— JFY2016  Prototyping of ladders (50,51,52)

— JFY2017-2019 production of sensor and ladders

— JFY2019,20 ROC/FEM
Complete the tracker by the first half of JFY2020 (Sep 2020)

NOTE: RIKEN/RBRC personnel will work on the project, but not in the JSPS funding
request above.



R and D effort at RIKEN

JFY2014: ~S70K for S2 sensor prototype
5 pcs of sensor delivered March 2015
- Vfd=50V; Vbreak>250V; No NG channel

SR S0 10w

JFY2015: ~S300K for S1 silicon module prototype

2015 2016

September October November December January February March
Sensor prototype
320 um
220 um Sensor protype
HDI
oooooo design/layout fabrication HDI prOtype
SM assembly oge
320 um Silicon module
240 um
assembly

320 um
240 um

Status:

Sensor: HPK is making the sensor. On track for the schedule.
HDI: design completed. Fabrication will start soon.

Test of Silicon module prototypes



Summary

JSPS grant proposal for sSPHENIX silicon tracker was
submitted

— About 4.2 oku-yen of hardware money for 5 years from
April 2016 to March 2021

If accepted, most of the M&S cost of the silicon tracker
hardware (sensor, ladder assembly, ROC/FEM) can be
covered by the grant

We understand we must expand the manpower
working in this project to successfully carry out.

We are actively pursuing new collaborators to work on
the Si tracker project and look forward to the first
SPHENIX collaboration meeting at Rutgers in December.



